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(54) Greases for homokinetic joints incorporating an organic molybdenum compound 



(57) Improved greases for use in homokinetic joints are proposed which comprise a base oil, a thickening 
agent, and an organic molybdenum compound. Greases comprising a base oil, a thickening agent, an 
organic molybdenum compound, and an organic zinc compound are also proposed. These greases exhibit 
smaller friction coefficients than conventional greases used for this purpose. On the homokinetic joint 
lubricated with the grease according to the present invention, the axial force produced is reduced and 
vibrations generated on the engine are absorbed. The vehicle is prevented from vibrating. The use of an 
expensive organic metallic extreme-pressure additive is unnecessary. 
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SPECIFICATION 
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Grease for homokinetic joint 

5 This invention relates to greases for a homokinetic joint, particularly for a plunging type homoki- 

^Among plunging type homokinetic joints, a double offset type homokinetic joint and a tripod 

type homokinetic joint are known. 

As shown in Fig. 1, the double offset type homokinetic joint has an outer race 1 formed witn 

10 six axial track grooves 3 in its inner surface, an inner race 2 formed with six axial track grooves 
4 in its outer surface, these grooves being spaced at equal angular intervals, balls 5 disposed 
between the inner race 1 and the outer race 2, and a cage 6 retaining the balls 5. The cage 6 
has an outer spherical surface 7 and an inner spherical surface 8 adapted to fit the outer 
periphery of the inner race 2. The centers (a) and (b) of the spherical surfaces 7 and 8 are on 

15 the axis of the outer race 1 and are apart from each other in an axial direction. i=> 
As shown in Fig. 2, the tripod type homokinetic joint is provided with an outer race 11 
formed with three axial cylindrical track grooves 12 in its inner surface at equal angular intervals. 
A tripod member 13 provided with three trunnions 14 is mounted in the outer race 11. A 
spherical roller 15 is mounted on each trunnion 14 with needles 16 fitted between the spherical 

20 roller 15 and the trunnion 14 to support the spherical roller 15 rotatably and axially slidably. The 
spherical rollers 15 are received in the track grooves 12. 

On the double offset type joint, the revolution torque is transmitted by engagement between 
the balls 5 and the outer race 1 and between the balls 5 and the inner race 2. On the tripod 
tvoe joint, the torque is transmitted by engagement between the spherical rollers 15 and the 

25 outer race 11. The balls 5 and the spherical rollers 15 roll along the track grooves 3 and 12, 

respectively, for smooth plunging. . 

When the revolution torque is transmitted with the joint formign a working angle, rolling ana 
sliding occur between the balls 5 and the outer race 1 and between the balls 5 and the inner 
race 2. and sliding occurs between the cage 6 and the outer race 1 and between the cage 6 

30 and the inner race 2 on the double offset type homokinetic joint. On the other hand, rolling and 
sliding occur between the outer race 11 and the spherical rollers 15 on the tripod type 

H °Thus!TnVhTpiunging type homokinetic joint, the element of sliding is more dominant than the 
element of rolling. When the revolution torque is transmitted with the joint forming a working 
35 angle, the frictional resistance produced at the sliding portions produces an axial force. 

On the double offset type homokinetic joint, since the track grooves 3 are formed in the inner 
surface of the outer race 1 at an equal interval of 60 degrees, axial forces are produced six 
times per revolution as shown in Fig. 3. On the tripod type homokinetic joint, since the track 
grooves 12 are formed at an equal interval of 120 degrees, axial forces are produced three 
40 times per revolution as shown in Fig. 4. 

If the cycle of generation of the axial force coincides with the natural frequencies of the 
engine, body, suspension, etc., resonance will be induced in the vehicle body, giving passengers 
discomfort. Therefore, it is desirable to reduce the axial forces as low as possible 
It is customary to fill the inside of the plunging type homokinetic joint with a lubricant to 
45 decrease the frictional resistance and improve the stability. A grease containing molybdenum 45 
disulfide as a solid lubricant has been used for this purpose. But, with a vehicle equipped with a 
tripod type homokinetic joint filled with the grease, rolling occurs during acceleration, whereas 
with a vehicle equipped with a double offset type homokinetic joint filled with the grease, 
beating noise or muffled noise produce and the vehicle body is apt to vibrate while running at a 

50 ^^^piunging type homokinetic joint, the axial force is produced, causing the vehicle body 
to vibrate as described above. It is thought that in spite of the fact that the sliding portions of 
the joint are supplied with a grease, there still develops a substantial frictional resistance at the 
sliding portions, and that if the frequency of the axial force generated ,n the joint coincides with 

55 the vibration of the engine, the vehicle body will vibrate. It is also thought that the joint 
functions as a medium of transmitting vibrations which have generated in the engine. This 
phenomenon is often observed during idling on an automatic transmission vehicle. 

An object of the present invention is to provide a grease which has a low coefficient of 
friction enough to keep the vehicle body from rolling or producing beating no.se or muffled noise 

60 while the vehicle is accelerating or running at a high speed. 

From one aspect of the present invention, there is provided a grease for a homokinetic joint 
comprising a base oil, a thickening agent and an organic molybdenum compound. From another 
aspect of the present invention, there is provided a grease for a homokinetic joint comprising a 
base oil. a thickening agent, an organic molybdenum compound and an organic zinc compound. 

65 The grease for a homokinetic joint according to the present invention is a grease which has a 
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smaller friction coefficient than a conventional grease containing molybdenum dithiocarbamate. 
The use of the grease as a lubricant for a homokinetic joint decreases the axial force and 
absorbs vibrations generated in the engine, and prevents the vehicle body from vibrating. 
Furthermore, this grease is less expensive because it has only to contain such an organic 
5 molybdenum compound as molybdenum dithiophosphate and such an organic zinc compound as 5 
zinc dithiophosphate without the need of using various kinds of costly organic metallic extreme- 
pressure additives used in a conventional grease. 

Other objects and features of the present invention will become apparent from the following 
description taken with reference to the accompanying drawings, in which: 
10 Figure 1 is a partially cutaway view in section of a double offset type homokinetic joint; 10 

Figure 2 is a partially cutaway view in section of a tripod type homokinetic joint; 

Figures 3 and 4 are graphs showing the relation between the axial force and the revolving 
angle of the joint in Figs. 1 and 2, respectively; 

Figure 5 is a graph showing the relation between the induced thrust and the angle on a double 
15 offset type homokinetic joint in which Specimen A is used as a lubricant; 15 

Figure 6 is a similar graph showing the relation between the induced thrust and the angle on a 
homokinetic joint filled with a commercially available grease; 

Figure 7 is graphs showing the relation between the slide resistance and the angle on a 
homokinetic joint in which Specimen A is used as a lubricant; 
20 Figure 8 is graphs showing the relation between the slide resistance and the angle on a 20 
homokinetic joint in which a commercially available grease is used; 

Figure 9 is a graph showing the variation of friction coefficient with time for Specimens A and 
A' and commercially available greases; 

Figure 10 is a schematic view of a Sawin type wear tester; and 
25 Figure 7 7 is a graph showing the relation between the friction coefficient and the load for 25 
Specimen A and commercially available greases. 

The base oil according to the present invention may be a mineral oil or a synthetic hydrocar- 
bon oil having a viscosity of lubricant. As a thickening agent, urea compounds (such as mo- 
nourea, diurea and polyurea) which have a higher heat resistance than such metallic soap as 
30 lithium soap are preferable. This is because a homokinetic joint is usually arranged under 30 
relatively high-temperature atmosphere near the engine and the joint itself tends to heat up and 
get hot while transmitting a revolution torque. 

It is preferable to add a lead soap such as lead naphthenate, zinc diary! dithiophosphate or 
zinc dialkyl dithiophosphate to the grease to increase an anti-oxidant effect as well as an 
35 extreme-pressure effect. 35 

Organic molybdenum compounds used in the present invention may be molybdenum dialkyl 
dithiocarbamate, molybdenum dialkyl dithiophosphate or molybdenum diaryl dithiophosphate, i.e., 
compounds of the following structural formula: 

O 0 

40 RO S ,| S ,i S OR 40 

\ / I' / \« ^ / 

P MO MO P 

/ \/ \/\/\ 

45 RO S S S OR 4 5 

wherein R represents a primary or secondary alkyl group or aryl group. 

The organic molybdenum compound may be a single compound or a mixture of two or more 
compounds. 

50 The content of the organic molybdenum compound should be 10 per cent by weight or less, 50 
preferably 3-5 per cent by weight or less. The excessive amount will have only the same effect 
or lessen the effect. 

The organic zinc compound used in the present invention may be zinc dialkyl dithiophosphate 
or zinc diaryl dithiophosphate of the following structural formula: 
55 55 
R'0. S S OR 1 

XX \ / 

P Zn P 

60 / \ / \ / \ 
R'O S S OR' 

wherein represents a primary or secondary alkyl group or aryl group. 
The organic zinc compound may be a single compound or a mixture of two or more com- 
65 pounds. 65 
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Such organic zinc compounds as well as such organic molybdenum compounds are extremely 
effective extreme-pressure additives. The content should be 15 per cent by weight or less, 
preferably 5-6 per cent by weight or less. Any excessive amount brings about only the same 
effect or lessens the effect. If an organic molybdenum compound coexists with an organic zinc 
compound, they will produce an excellent effect even if the contents are less. In this case, the 
content of each compound should be 0.5-5.0 per cent by weight. 

An antioxidant or a detergent-dispersant may be added in addition to the extreme-pressure 
additive. 

Organic molybdenum compounds are fundamentally different from such conventional solid 
lubricants as molybdenum disulfide. It does not exhibit a lubricatinhg effect so much before being 
decomposed. It transforms itself into such a lubricating material as molybdenum disulfide only 
after it is decomposed by the frictional heat generated on the sliding face. Molybdenum dialkyl 
dithiocarbamate (hereinafter abbreviated to Mo-DTC) and molybdenum diaryl dithiophosphate 
(hereinafter abbreviated to Mo-DTP) were selected from among organic molybdenum compounds 
and their heat-decomposition temperatures were measured by the differential thermal analysis. 
The analysis shows that the heat-decomposition temperature of Mo-DTC is 252-3 12°C whereas 
that of Mo-DTP is 145-225°C. The heat-decomposition starting temperature for the latter is 
lower by approximately 100°C than that for the former. This indicates that Mo-DTP is trans- 
formed into a lubricating material on the sliding surface earlier than Mo-DTC, and acts as a good 
20 extreme-pressure additive. Thus, molybdenum dithiophosphate can be said to be a far better 
organic molybdenum compound than molybdenum dithiocarbamate. 

But, a significant decrease in friction coefficient cannot be expected by the addition of a kind 
of such compound. When zinc dialkyl dithiophosphate or zinc diaryl dithiophosphate (hereinafter 
abbreviated to Zn-DTP) is further added, the friction coefficient substantially decreases. 

The results of these experiments are shown in Table 1 . This shows that a urea compound is 
preferable to a metallic soap such as lithium soap as a thickening agent. It is presumed that a 
synergetic effect is produced when Mo-DTP and Zn-DTP are used in combination because Zn- 
DTP acts as a catalyst for heat-decomposition of Mo-DTP. 
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Table 1 



Experi- 
ment No. 


Composition of Grease 


Friction 
coefficient 


1 


Mineral oil + Polyurea 


0.103 * 0.104 


2 


Mineral oil + Polyurea + Mo-DTP 


0.098 * 0.100 


3 


Mineral oil + Polyurea + Mo-DTP + Zn-DTP 


0.037 ^0.040 


4 


Mineral oil + Lithium soap + Mo-DTP + Zn-DTP 


0.081 ^0.091 
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EXAMPLE 1 

On the plunging type homokinetic joint shown in Figs. 1 and 2, the axial force produced on 
the shaft when the joint transmits a revolution torque forming a working angle is thought to be 
45 an induced thrust and the vibration occurring on an automatic transmission vehicle during idling 45 
is thought to be caused by the slide resistance of the joint. 

The induced thrust is defined to be an axial force produced when a revolution torque is 
applied with a working angle formed without allowing the driving shaft and the driven shaft to 
slide axially. The slide resistance is defined to be a resistance generated when one of the driving 
50 and driven shafts is excited axially with the other fixed. 50 
Two specimens (hereinafter referred to as Specimen A and Specimen A') according to the 
present invention and three more specimens I, II and 111 (greases commercially available and 
generally used) were put separately in the double offset type homokinetic joints shown in Fig. 1 
and the induced thrust was measured for these specimens. The properties of the specimens are 
55 shown in Table 2. The results of measurements after 5 minutes from the start of operation are 55 
shown in Figs. 5 and 6. The slide resistance was measured at the same time. The results of 
measurements are shown in Figs. 7 and 8. 

Figs. 5 and 7 show the results of measurements for Specimen A. The results of measure- 
ments for Specimen A' are omitted because the results are virtually the same as for Specimen 
60 A. Figs. 6 and 8 show the results of measurements for Specimen II. The results of measure- 60 
ments for Specimens I and 111 are omitted because they are almost the same as for Specimen II. 

Referring to Figs. 7 and 8 f (a) indicates the slide resistance measured soon after the excitation, 
(b) does the one measured 5 minutes after the excitation, and (c) does the one when the 
homokinetic joint was rotating at 500 rpm. The slide resistance is indicated in terms of the sum 
65 (peak-to-peak value) of the maximum value and the minimum value. 65 
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As will be seen from the results of measurements shown in Figs. 5 through 8, the induced 
thrust and the slide resistance are smaller for the joint lubricated with Specimen A than the one 
lubricated with Specimen IL 

5 CHECK EXPERIMENT 1 5 
The friction coefficient of each grease specimen shown in Table 2 was measured using a 
Sawin type wear tester. The results are shown in Fig. 9. In the Sawin type wear tester, a 1 /4" 
steel ball 21 is arranged in contact with a rotary ring 20 (40 mm diax4 mm), as shown in Fig. 
10. The surface roughness of the ring 20 in the width direction is 1.6—1.9 S and the one in the 
10 axial direction is 0.4-0.6 S. In measuring the friction coefficient of the grease specimens, the 10 
rotary ring 20 was revolved at a peripheral speed of 108 meter per minute under a toad of 1 
kgf. Each grease was supplied to the surface of the rotary ring 20 from its lower end through a 
sponge 22 and the movement of an air slide 23 supporting the steel ball 21 was sensed by a 
load cell 24. 

15 As is apparent from the results shown in Fig. 9, the friction coefficients of Specimen A and 15 
Specimen A' are smaller than those of commercially available greases I, II and III, and particularly 
Specimen A' containing molybdenum dialkyl dithiocarbamate and molybdenum dialkyl dithiophos- 
phate has an extremely small friction coefficient. After the measurements, the surface of the 
steel ball was observed under a microscope. This revealed that the size of the wear scars 

20 formed corresponds to the friction coefficient of the grease used. Namely, the smaller the 20 
friction coefficient of grease, the smaller the size 6f the wear scars formed was. 

CHECK EXPERIMENT 2 

The Sawin type wear tester was used to measure the friction coefficients with the change in 
25 load (or surface pressure) for Specimen A, commercially available greases II and III. The results 25 
are shown in Fig. 1 1 . 

As seen from Fig. 11, the influence of the load on the friction coefficient differs among the 
specimens tested. For the commercially available greases II and III, the friction coefficient tends 
to gradually decrease with the increase in the load, whereas for Specimen A there is the 

30 minimum point. It is thought to be due to the difference in additives that Specimen A has a 30 
different tendency from the other specimens. It is thought that the organic molybdenum com- 
pound mixed in Specimen A is decomposed by heat at the sliding surface and the products by 
the decomposition adhere to the sliding surface, displaying their effects. 
It is thought that Specimen A displays excellent frictional properties shown in Example 1 

35 because the working conditions on a homokinetic joint produce conditions suitable for the 35 
organic molybdenum to readily decompose. 

CHECK EXPERIMENT 3 

Specimen A and commercially available grease II shown in Table 2 were put in homokinetic 
40 joints shown in Fig. 1, which underwent a continuous operation for 125 hours under the 40 
conditions of a revolution torque T=23.5 kg.f-m, a number of revolutions N«1750 rpm, work- 
ing angle 0=1 1.6° and cooling air rate of about 30 km/h to observe how the track groove 
surface peels. The results are shown in Table 3, from which it is apparent that peeling barely 
happened on the homokinetic joint on which Specimen A was used as a lubricant. 
45 45 
CHECK EXPERIMENT 4 

The Sawin type wear tester shown in Fig. 10 was used to measure the friction coefficient for 
each specimen. The results are shown in Table 3. Measurement conditions were: peripheral 
speed: 108 meter/min. load: 1 kgf. 
50 As is apparent from Table 4, the inclusion of organic molybdenum lowered the friction 50 
coefficient, and the addition of zinc diaryl dithiophostate or zinc dialkyl dithiophostate further 
lowered the friction coefficient. 

EXAMPLE 2 

55 In order to confirm the results of EXAMPLE 1 , the following greases according to the present 55 
invention were prepared by use of organic molybdenum compounds and organic zinc com- 
pounds. For any grease herein prepared, a mineral oil containing a polyurea thickening agent was 
used. 

(1) grease containing 3% of molybdenum diaryl dithiophosphate [made by ASAHI DENKA 

60 KOGYO K.K.: SAKURA-LUBE 300] and 2% of zinc dialkly (primary) dithiophosphate [made by 60 
NIPPON LUBRIZOL INDUSTRIES CORP.: LUBRIZOL 1097] 

(2) grease containing 3% of molybdenum diaryl dithiophosphate [made by VANDERBILT EX- 
PORT CORPORATION: MOLYVAN L] and 1.2% of zinc dialkyl (secondary) dithiophosphate [made 
by NIPPON LUBRIZOL INDUSTRIES CORP.: LUBRIZOL 1095] 

65 (3) grease containing 3% of molybdenum diaryl dithiophosphate [MOLYVAN L] and 1 % of zinc 65 
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diaryl diphosphate [made by NIPPON LUBRIZOL INDUSTRIES CORP.: LUBRIZOL 1370] 

The friction coefficients of three kinds of greases prepared were measured by use of tne 
Sawin type wear tester. The results obtained are listed in Table 5. For companson with the 
qreases according to the present invention, the following three kinds of greases (a)-(c) were 
5 prepared as controls and the friction coefficients were measured in the same manner as aboya 
The results are also listed in Table 5. The base oil used for (a) is the same mineral oil conta.n.ng 
a polyurea thickening agent as used for the greases (1)-(3). For (b). a mineral oil containing a 
thickening agent in lithium soap series instead of a polyurea thickening agent. 

(a) grease containing 3% of molybdenum diaryl dithiophosphate [made by ASAHI DENKA 
10 K0GY0 K.K.: SAKURA LUBE 300] only and not containing any organic zinc compounds. 

(b) grease containing 3% of the same molybdenum diaryl dithiophosphate as "sed for (a) 
[SAKURA LUBE 300], and 3% of zinc dialkyl (secondary) dithiophophate [LUBRIZOL 109/J 

(c) grease containing molybdenum dialkyl dithiocarbamate. 

As seen from Table 5, the coexistence of an organic molybdenum compound and an organic 
15 zinc compound is preferable, and as a thickening agent, an urea compound is much more 
preferable than lithium soap. 
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Table 5 



10 



15 



20 



Grease 
No. 


Friction coefficient 


(1) 


U • U J / v U. U4U 


(2) 


0.041 ^ .0.047 


(3) 


0.037 ^ 0.038 


Controls 


(a) 


0.098 ^ 0.100 


(b) 


0.081 * 0.091 


(c) 


0.055 ^ 0.085 
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CLAIMS 

1 . A grease for a homokinetic joint comprising a base oil, a thickening agent and an organic 
molybdenum compound. 
25 2. A grease as claimed in claim 1, wherein said thickening agent is a urea compound. 

3. A grease as claimed in claim 1, wherein said organic molybdenum compound is molyb- 
denum dialkyl dithiocarbamate. 

4. A grease as claimed in claim 1, wherein said organic molybdenum compound is at least 
one selected from the group consisting of molybdenum dialkyl dithiophosphate and molybdenum 

30 diaryl dithiophosphate of the formula: 

O O 
S il S ,i " S OR 

\ ✓ B / \" % / 

p Mo MO P 

/\/\/\/\ 
RO S S S OR 

wherein R represents a primary or secondary alkyl group or aryl group. 

5. A grease as claimed in claim 1, wherein said organic molybdenum compound is two or 
more selected from the group consisting of molybdenum dialkyl dithiocarbamate, molybdenum 
dialkyl dithiophosphate and molybdenum diaryl dithiophosphate. 

6. A grease for a homokinetic joint comprising a base oil, a thickening agent, an organic 
molybdenum compound and an organic zinc compound. 

7. A grease as claimed in claim 6, wherein said thickening agent is a urea compound. 

8. A grease as claimed in claim 6, wherein said organic molybdenum compound is molyb- 
denum dialkyl dithiocarbamate. 

9. A grease as claimed in claim 6, wherein said organic molybdenum compound is at least 
one selected from the group consisting of molybdenum dialkyl dithiophosphate and molybdenum 

50 diaryl dithiophate of the formula: 

O O 
RO S .I S ,j ' S OR 

\ / « / \« V / 

P Mo MO P 

/\/\/\/\ 
RO S S S OR 

wherein R represents a primary or secondary alkyl group or aryl group. 

10. A grease as claimed in claim 6, wherein said organic molybdenum compound is two or 
more selected from the group consisting of molybdenum dialkyl dithiocarbamate, molybdenum 
dialkyl dithiophosphate and molybdenum diaryl dithiophosphate. 

11. A grease as claimed in claim 6, wherein said organic zinc compound is at least one 
selected from the group consisting of zinc dialkyl dithiophosphate and zinc diaryl dithiophosphate 

65 of the formula: 



35 



40 



45 



55 



60 



25 



30 



35 



40 



45 



50 



55 



60 



65 



10 



GB2185492A 10 



5 



R'O. S S OR' 

\S X / 

P Zn N P 

/ \ / \ / \ 

R'C S S OR 1 



wherein represents a primary or secondary alkyl or aryl group. 
10 12. A grease as claimed in claim 6, wherein both the content of said organic molybdenum 10 
compound and that of said organic zinc compound are 0.5 to 5.0 per cent by weight. 
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